A method is presented allowing the preparation of polymer brushes from numerous monomers and on a variety of substrates. Poly(dopamine) (PDA) is used to cover a series of different surfaces (SiO 2 , Au, Cu, Al/Al 2 O 3 , Teflon) and for the subsequent preparation of bromine containing initiator layers by conversion with 2-bromoisobutyryl bromide (BiBB). Surface-initiated Cu(0)-mediated controlled radical polymerization (SI-CuCRP) enables a rapid polymerization of methacrylates and styrene on the PDA/BiBB layers with minimal effort. When the substrates are faced with a copper plate and submerged into reaction solution containing monomer, solvent and ligand, thick polymer brushes up to hundreds of nanometers can be achieved within 1 h. Despite the simplicity of the method and the fast polymerization rates at room temperature, an outstanding endgroup fidelity, which is unmatched for surface polymerization, can be observed. This fact is demonstrated by the preparation of pentablock copolymer brushes representing the highest blocknumber ever reported for surface-bound polymer.
Introduction
Surface-initiated polymerization (SIP) has become a popular approach for the synthesis of surface-bound polymers allowing the introduction of chemical functionality, adjustment of wettability and surface energy or control of bioadhesion. 1, 2 As advantageous polymer brush characteristics are ensured by the high grafting densities achieved with SIP, all types of polymerization have been adapted to this method.
Most attention was drawn to surface-initiated atom transfer radical polymerization (SI-ATRP). 3 Since its development in 1995, ATRP has been labeled a useful tool for the synthesis of complex architecture due to excellent control of structure under mild reaction conditions and applicability to various monomers. [4] [5] [6] However, sufficiently high concentrations of the catalyst, namely Cu(I), had to be used and addition of Cu(II) salts was necessary to ensure good control of polymerization. 3 Therefore, several techniques have been developed to reduce the amount of Cu catalyst. All of them rely on the reduction of excess Cu(II) back to the activating species, be it via use of chemical agents 6 , electrical current 7 or photochemistry 5 .
Additionally, these approaches improved the oxygen tolerance of the polymerization. Still, only limited preservation of endgroup fidelity is possible, when ATRP is employed on surface, which is shown by the fact that attempts of block copolymerization result in diblocks at maximum. 6 Another approach, i.e. the surface-initiated Cu(0)-mediated controlled radical polymerization (SI-CuCRP), was reported by our group. 8 Here, a copper plate fitting the geometrical demand of the substrate is used as Cu source and reaction takes place in between the facing surfaces. Polymerization is restricted to the initiator bearing substrate, so that reaction solution and copper plate can be reused and only minimum amounts of solution are needed. 8, 9 Furthermore, this method not only enables synthesis of polymer brushes with unmatched growth rates, but is also applicable on wafer-scale and under ambient conditions without loss of initiating moieties. Synthesis of tetrablock copolymers demonstrated the excellent endgroup fidelity provided by this SIP approach. 9 No matter what kind of SIP is employed the introduction of an initiating layer prior to the polymerization itself is necessary since most substrates only show insufficient reactivity or do not provide the required functionality. 10, 11 Therefore, a variety of techniques have been developed including layer-by-layer (LbL) 12, 13 and Langmuir-Blodgett (LB) 14 films, spin coating 15, 16 or chemical vapor deposition (CVD) 17 . Also, self-assembled monolayers (SAMs) have been widely used as they form dense and uniform layers leading to well defined reaction mechanisms. 8, 10, 11 Unfortunately, surface modification with low molecular substances as well as the use of non-covalent methods like dip or spin coating may struggle with a lack of solvolytical or thermal stability. 18, 19 Furthermore, these techniques often demand tedious preparation, complex experimental set up and are time consuming procedures. Hence, more straightforward approaches are desirable.
After a publication on poly(dopamine) (PDA) by Lee et al. in 2007, the mussel-inspired coating received a lot of attention. 20 Mussels are well-known fouling organisms able to attach to nearly any kind of organic or inorganic surfaces. The key to these excellent adhesive properties was found in the mytilus edulis foot protein 5 (Mefp-5), which contains high amounts of 3,4-dihydroxyphenylalanine (DOPA) and lysine. Lee et al. came up with the small molecule compound dopamine (DA) to mimic the two main functions of Mefp-5, i.e. the catechol group of DOPA and the amino group of lysine. It was found that DA undergoes spontaneous self-polymerization/self-cross linking in slightly alkaline water (pH = 8.5) and ambient conditions. If a substrate is immersed into solution, PDA layers can be controllably obtained on surface reaching up to 50 nm. As speculated, such deposition was performable on a wide range of materials independent from their original surface nature.
Its self-polymerizing/self-cross linking nature allows the formation of PDA layers with minimum experimental set-up, offering new strategies for simple modification and functionalization of substrates. [20] [21] [22] Although the actual polymerization mechanism as well as its structure are still a topic of discussion, it seems certain that PDA provides many functional groups including carboxylic units, primary and secondary amines and hydroxyl groups. [23] [24] [25] [26] A recent report by Maier et al. suggests that amine as well as hydroxyl groups synergistically contribute to the robust adhesion of PDA. 27 Especially, these outstanding adhesive properties make poly(dopamine) an universal mediating agent for surface polymerization as deposition is possible on nearly any kind of surface, including (noble) metals and metal oxides 20, 28, 29 , steel 23 , carbo nanotubes (CNTs) 30, 31 or graphene 32 , nanoparticles 33, 34 and poly(tetrafluoroethylene) (PTFE) 17, 19, 25 . Furthermore, the quantity and variety of functions enable the additional modification with polymers via Michael/Schiffbase reaction 35 , selfinitiated photografting and photopolymerization (SIPGP) 36, 37 , different SI-ATRP methods 22, 28, [38] [39] [40] or surface-initiated reversible addition fragmentation chain transfer (SI-RAFT) 41, 42 .
In this work we present the combination of PDA deposition and SI-CuCRP for the controlled grafting of homogeneous polymer brushes on a series of different substrates within short time frames ( Fig. 1) . Moreover, it is demonstrated that this method allows the preparation of block copolymer brushes on poly(dopamine) layers. Thus, a universal method for fast, controlled and substrate-independent grafting is attained. 
Results and discussion
As SI-CuCRP was never before performed on PDA surface, a series of experiments were dedicated to establish the combination of both as a versatile method for surface modification.
In that context, it had to be proven that PDA does not limit control of SI-CuCRP due to its own partly radical character 43, 44 . Starting from PDA deposition, substrates were prepared for further polymerization steps by subsequent binding of initiator. Then, SI-CuCRP was performed to graft polymer brushes on SiO 2 and several other substrates to exploit PDA chemistry. Furthermore, grafting of block copolymer brushes was accomplished to demonstrate the method´s robustness.
SI-CuCRP on PDA/BiBB
First, a series of monomers were grafted on an initiator bearing PDA surface. PDA was deposited on a silicon wafer (SiO 2 , 300 nm) in a previously reported manner by placing the substrate into a freshly prepared solution of dopamine (1 g/l) in 10 mM trishydroxymethyl aminomethane/HCl buffer (Tris/HCl, pH = 8.5). 37 The deposition was allowed to proceed overnight. Then, 2-bromoisobutyryl bromide (BiBB), a typical ATRP initiator, was reacted with the PDA layer to give PDA/BiBB. Finally, the wafer was covered with a copper plate at a distance of 0.5 mm and immersed into a degassed solution of monomer, solvent and ligand (1,1,4,7,7-pentamethyldiethylendiamine, PMDETA) at room temperature. In a similar fashion polymer brushes on SAM-bound initiator (APTES-BiBB)
were synthesized for comparison.
Successful conversion of PDA and APTES surface with BiBB was confirmed by the change of static water contact angle θ S from 36° to 68° for PDA/BiBB and from 54° to 68° for APTES-BiBB. Furthermore, X-ray photoelectron spectroscopy (XPS, Fig. S1 ) show the appearance of a Br 3d signal at ~70 eV after conversion with BiBB proving the binding of initiator to the respective surface. Furthermore, it is remarkable that for tert-butyl methacrylate (tBMA) thicknesses of 41 nm and 51 nm were reached even after reducing reaction time to 20 minutes.
It is of particular interest that the results of SI-CuCRP are similar for both surface-bound initiator systems making PDA/BiBB an alternative to the common APTES-BiBB without restriction of polymerization and providing new options for surface modification.
Polymer brush synthesis on different substrates
As PDA is well known for its strong adhesion on any kind of substrates, SI-CuCRP can be exploited to graft polymer brushes on different surfaces in a facile, fast and controlled way.
Therefore, polymerization was carried out on several substrates including metal (Au, Cu), oxides (Al/Al 2 O 3 , SiO 2 ) and repellent organic surface (PTFE). The experimental procedure remained as described above. However, reaction time was decreased to 15-30 minutes (Tab. S1), since the used monomer (HEMA) showed high polymerization rates.
The grafting of PHEMA on the different substrates was confirmed by Fourier transform infrared spectroscopy (FT-IR) and contact angle measurements. While static contact angles Moreover, FT-IR spectra taken after surface polymerization clearly display successful functionalization of PTFE. Although signals of C-F stretching (1100-1300 cm -1 ) originating from the substrate are dominating the spectrum (Fig. 3e) , a broad signal of O-H stretching from PHEMA can be observed between 3680 cm -1 and 3050 cm -1 . Same signals prove the grafting of PHEMA on the other substrates ( Fig. 3a-d) . Furthermore, additional signals of OH deformation (1276-1248 cm -1 ), twisting and rocking of CH 2 (1389-1365 cm -1 ) and several stretching vibrations of C-O bonds (Tab. S2) were detected. Stretching of Si-O-Si is very prominent in the spectrum of PHEMA on SiO 2 at 1122 cm -1 (Fig. 3d ) even though the same kind of surface was used as background. However, all signals mentioned above can still be distinguished. Therefore, it is evident that grafting of PHEMA was accomplished on all used substrates. 
Grafting block copolymer on surface
To demonstrate the high end group fidelity of SI-CuCRP on PDA modified surface grafting of block copolymer brushes was carried out. A silicon surface was chosen as model substrate and functionalized with PDA/BiBB as described above. Then, the polymerization procedure was performed and the resulting polymer brush was washed and dried. Subsequently, another layer of polymer was grafted via SI-CuCRP on the same sample. The whole process was repeated several times without further functionalization with initiator between polymerizations.
As can be seen in table 2 a five block copolymer brush was synthesized with alternating hydrophilic and hydrophobic blocks. The first block of tBMA gave a comparable brush thickness as in previous experiments (Tab. 1) and a contact angle of 96° owing to its hydrophobic nature. Before polymerizations a double scratch was made on the PDA/BiBB layer so that atomic force microscopy (AFM) could always be measured at the same spot. In that way a height increase of 11 nm was detected after the following polymerization of DMAEMA (Fig. 4) . The static contact angle θ s dropped to 52° (Fig. 4) . Analogously PMMA and further layers of PtBMA and PDMAEMA were grafted resulting in consecutive brush growth and exhibiting 61°, 100° and 76° for θ s , respectively. Since the grafting of the second block (PDMAEMA) resulted in a thickness gain of only 11 nm, the polymerization time of following polymerizations was prolonged for 5 min or 10 min. This resulted in sufficiently higher thickness increases of 61 nm for PMMA, 52 nm for PtBMA and 86 nm for another layer of PDMAEMA ( Fig. 4) . All these values confirm successful polymerization of the used monomers. As all contact angles match to the respective polymer brush, it can be concluded that each polymerization step results in an extra layer of polymer rather than in a system with mixed polymer brushes on surface. In case of mixed (not block-like) brushes a value resembling both brushes would be expected. For a hydrophobic/hydrophilic brush mixture, the hydrophobic brush will collapse and the contact angle will represent the hydrophilic layer. This is not the case in our results. The slightly higher θ s for the last PDMAEMA block (θ s = 76°) can be explained by enhanced surface roughness, as can be seen from the higher deviation from the mean thickness (Tab. 2). Therefore, it can be assumed that a block-like structure is attained.
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Furthermore, this explains the stepwise increase of the polymer brush from 60 nm after the first SI-CuCRP to 270 nm after the last step. Such a gain in thickness as well as height Fig. 4 ) is unlikely to be caused by only higher grafting density. Especially, it has to be taken into account that grafting density was calculated to be very high for SI-CuCRP already after one polymerization. 9 Therefore, a further growth will occur on top of the previously grafted brush. Still, a certain interpenetration depth cannot be completely excluded.
Only 
Conclusion
In conclusion, we combined PDA surface chemistry with the powerful tool of Static water contact angle measurements were carried out with the Drop Shape Analysis System DSA 10 from Kruss to characterize the wettability of the polymer layers. For each sample, individual measurements at three different spots were performed and averaged. The measurements were performed at RT with bidestilled water. The contact angles (θ s ) were obtained using the tangent method fitting.
Self-assembled monolayer (SAM) of APTES-BiBB initiator on Si wafer
An oxygen 
Synthesis of PDA/BiBB on different substrates
Poly(tetrafluoroethylene) (PTFE), Au, Cu and Al/Al 2 O 3 were extensively rinsed with deionized water and ethanol and ultrasonicated for 5 min each. SiO 2 was cleaned as described above.
DA . HCl (12.4 mg) was dissolved in 10 mL of Tris/HCl-buffer (10 mM, pH = 8.5) and the substrates were immersed into the freshly prepared solution. Deposition was allowed to proceed for approximately 24 h. Then, the samples were washed with deionized water and ethanol and ultrasonicated for 5 min each. Reaction with BiBB was carried out in the same way as for APTES. For PTFE reaction time was reduced to 20 min. The successful surface modification was confirmed by X-ray photoelectron spectroscopy (XPS) ( Fig. S1 ) and water contact angle measurements. The resulting PDA/BiBB layer thickness was determined by ellipsometry and lay within the range of d ≈ 30-35 nm.
Surface-initiated Cu(0)-mediated controlled radical polymerization (SI-CuCRP)
A silicon wafer piece modified with APTES-BiBB or a substrate modified with PDA/BiBB was sandwiched with a copper plate at a typical distance of D = 0.5 mm using two spacers.
This assembly was put into a degassed solution of monomer (1 mL), solvent (0.5 mL) and PMDETA (20 µL) and closed with a rubber septum. The assembly was left for 1 h at RT. The plates were separated and the substrate immediately washed with a fresh good solvent for the respective monomer and ultrasonicated for 1 min. Finally, the substrates were dried by a jet of dry nitrogen and analyzed.
Grafting of pentablock copolymer brushes on PDA/BiBB
First, SI-CuCRP was performed with tBMA on PDA/BiBB as described above. The polymer brush was washed with DMSO and ethanol und ultrasonicated for 1 min. Then, a layer of PDMAEMA was grafted, followed by a third layer of PMMA. Both were rinsed with ethanol 
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